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INTRODUCTION 

This is  the  second semi-annual s t a t u s  r e p o r t  on NSG-572, i n i t i a t e d  

i n  October 1963. 

NSC-572 i s  a th ree  year ,  step-funded g r a n t  which continues i n v e s t i g a t i o n  

previously c a r r i e d  on under NASw-54 and NSG-181-61 

The organizat ion of the  following sec t ions  r e f l e c t  the  two t asks  of the  

g ran t  (I) Galac t ic  Radio Astronomy and (11) Planetary Radio Astronomy 
h v e s  t i n a  t i on .  

I. Ga lac t i c  Radio Astronomy 

A. 11.03 Prepara t ions  

The p r inc ipa l  e f f o r t  of t h i s  period has been the  engineering and 

s c i e n t i f i c  preparat ions f o r  the scheduled 11 .O3 (Journeyman) launch. 

1. Construction Progress  

This was a f r u i t f u l  period f o r  the 11.03 Rocket Program. It began 

wi th  the  a r r i v a l  of a l l  remeining components and ended with a f u l l y  wired 

payload. . 

Construct ion of the  following a l l  new e l e c t r o n i c  packages was completed 

end the  un i t s  were ind iv idua l ly  checked out:  

switch box, the  antenna 2 oaci l la tor-sweep chass i s ,  the -23V regula tor ,  VCO 

c a l i b r a t o r ,  f i l ament  preregula tor ,  mainboard complex, power turn  on Ledexes, 

+gV r egu la to r ,  VCO chass i s ,  +6.3v regula tor ,  preamplif ier ,  and remote con t ro l  
box. 

The antenna 2 (impedance) 

The electrical rebui ld ing  and checkout of the  following ca r ry  over 

u n i t s  from the  11.02 program was completed: 

the  t h r e e  r ece ive r s ,  the  AGC c h a r a c t e r i s t i c s  were t a i l o r e d  and the  ga ins  set .  

The second e tage  preamplif ier  tubes were changed. 
modlfied t o  produce the  new f l i g h t  sequence and supply a computer con t ro l  

New tubes were i n s t a l l e d  i n  

The timer c i r c u i t  was 
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voltage.  
r egu la to r s  were checked out  under load. 

The DC t o  DC converter ,  the  preregula tor ,  the + l 3 O V  and +200V 

The following items of a mechanical na ture  were completed: Construct ion 

and mounting of the  b a t t e r y  box, cons t ruc t ion  of the  antenna mounts, antenna 

iengc'n 8en80r deeign an; cun6~zustirt, c - * - - - a - -  v o c o r a t . & r r ~  -s WL f ( P ) )  Y Y..Y --A As-La "I"..", 

mechanical i n t e g r a t i o n  of a l l  u n l t s  into the  payload s t r u c t u r e ,  a f l i g h t  

l e v e l  v ib ra t ion  test of "E" deck, the  b a t t e r y  box and the  antenna 2 c i r c u i t s  

a t  Bendix Systems, and modification of DeHavilland antennas to accommodate 

the l a r g e r  motor. 

The following subsys tem were operated and checked out: s o l a r  a spec t  

sensor ,  Langmuir probe, magnetometer, t r ansmi t t e r ,  cornmutator. 

The f l i g h t  batteries were charged, checked and selected. 

A wiring l ist  was prepared for a l l  payload in te rconnec t  wir ing.  The 

in te rconnec t  wirlng harness  was constructed,  i n s t a l l e d  and checked o u t  with 
an ohmmeter. 

checkout. 
The payload i s  now complete  end ready f o r  the  e l e c t r i c a l  

2. Systems Considerat ions and Problem Areas 

Work continued i n  this period on the  antenna dynamics problem. An 
outs ide  consul tan t  concluded on the  bas i s  of bending moments t h a t  w e  would 

be s a f e  i n  deploying the  &-foot antennas a t  3 inches per second. 

problem fs st i l l  not  considered resolved. 

This 

Several  meetings were held with the  d a t a  processing group t o  make 

known our reduct ion requirements. 

working guide t o  serve  both groups. 

A d e t a i l e d  plan w i l l  be drawn up as a 

A f l i g h t  plan was prepared and sen t  to  Mr. John Guidot t i  a t  Goddard. 

3. P ro jec t ion  f o r  the  Next Period 

Tine payioad wiii be checked ou5 electrically a d  Gebiiggeb .;here 
necessary.  System performance w i l l  be measured. 

A s a l t  mine test w i l l  be conducted to  locate any self-generated i n t e r -  

fe rence .  
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The complete payload w i l l  be ca l ib ra t ed .  

The payload w i l l  be de l ivered  t o  Goddard f o r  T and E. 

The launch w i l l  occur l a t e  i n  the period. 

.. 
L). Badio Astronomy Setei i i te  8i;uciy 

A second major a rea  during t h i s  period has  been var ious s tud ie s  i n  

conjunct ion with a r a d i o  astronomy sa t e l l i t e  s p e c i a l l y  designed f o r  low 

frequency r a d i o  astronomy observations with high d i r e c t i v i t y .  

continue on the  electrical and mechanical problems of a l a rge  antenna and 

var ious approaches t o  the s c i e n t i f i c ,  t echnica l  and management problems 

continue to  be explored. 

concept e a r l y  i n  1965. 

Studies  

We expect t o  complete a proposal t o  NASA on t h i s  

The s t a t u s  of our  present  thinking is  as follows: 

1. Pr inc ipa l  S c i e n t i f i c  Object ives  

A t  f requencies  near 1 &/a measure: (1) the  f l u x  dens i ty  of s e v e r a l  

dozen e x t r a g a l a c t i c  and g a l a c t i c  r ad io  sources ,  

meters of the r ece ive r s  output va r i a t ions  due to  v a r i a t i o n s  i n  cosmic 

background l eve l ,  (3) the  cosmic background i n t e n s i t y  contours,  (4) the  

v a r i a t i o n s  of r a d i o  emission from so la r  s y s t e m  ob jec t s  and o ther  sources ,  
such as f l a r e  stars. 

(2) t he  s ta t is t ical  para- 

2. Operat ional  Requirements 

a .  Narrow Beam P a t t e r n  - beam area of 80 square degrees is  expected by 

using a l a r g e  rhombic antenna (8.7 km o v e r a l l  l ength)  combined with a d ipole-  
a r r a y  In te r fe rometer .  

(about one degree)  i n  a mult i lobe pa t te rn .  

This compound system has  high angular r e so lu t ion  

b. Orb i t  - Prel iminary s tudy ind ica t e s  t h a t  an o r b i t  of s l i g h t  eccen- 

t r i c i t y  with apogee of approximately 60,000 miles is prefer red .  

c. S t a b l l i z a t i o n  and Point lng - Spin s t a b i l i z e d  with axis of r o t a t i o n  

normal t o  antenna beam. Gravity grad ien t  precession of the o r b i t  may be 
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adequate t o  scan the  sky. 

d .  S e n s i t i v i t y  - Adequate receiver  s e n s i t i v i t y  i n  t h i s  frequency range 

i s  already proven by present  f l i g h t  payloads s ince  the  noise  l e v e l  is  
determined by cosmic background emission. 

3. Tenta t ive  Configuration - Rhombic - Interferometer  Compound System 

Estimated system weight: 5,000 t o  10,000 pounds. 

Length - rhombic 4.5 km per  l eg ,  maximum s i z e  8.7 km compound mult i -  

d ipo le  l i n e a r  a r r ay  interferometer  a t  r i g h t  angles  t o  axis of rhombic, a l s o  

8.7 km long. 

11. Planetary Radio Astronomy Inves t iga t ions  

A. Photochemical s t u d i e s  

A crit ical  s tudy  was made of the physical  p roper t ies  of s e l ec t ed  gases  

of probable importance i n  planetary atmospheres, inc luding  compounds of 

carbon, oxygen, ni t rogen,  hydrogen and f r e e  r a d i c a l s  l i k e  OH and C 0 .  

of h e a t s  of formation, bond s t rengths ,  and energ ies  of photoionizat ion and 

attachment were prepared as a d r a f t  repor t .  

f o r  r e a c t i o n  energ ies  and r a t e  coe f f i c i en t s .  

Tables 2 

A similar tabula t ion  is planned 

B . Magnetospheric s t u d i e s  

The l a t e s t  information on t h e  s t ruc tu re  of the  e a r t h ' s  exosphere, magnet- 

osphere and the  shock region beyond the magnetosphere, including analyses  of 

w h i s t l e r s ,  was compiled and used t o  draw a model daytime equa to r i a l  e l e c t r o n  

d e n s i t y  p r o f i l e  out  t o  20 e a r t h  r a d i i .  

i n  t h i s  model. 

1000 km, and continues with a smooth t r a n s i t i o n  t o  a -3.2 power law i n  the 

w h i s t l e r  region, t o  4.5 e a r t h  r a d i i ,  thence being proport ional  t o  the 

geomagnetic f i e l d  s t r e n g t h  t o t  he magnetopause. 

were assumed as 5 cmo3 (qu ie t )  and 20 

Alouet te  topside p r o f i l e s  were used 

E s s e n t i a l l y ,  the model begins with the  Alouet te  sounding t o  

Solar  wind e l ec t ron  d e n s i t i e s  

(d is turbed)  f o r  t h i s  phase of the 
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sunspot cycle .  

d i c a t i n g  the  c o r r e l a t i o n  of the  whis t le r  and Alouet ta  da ta .  

Reports were w r i t t e n  summarizing the  above model, and in -  

C .  Electron d i s t r i b u t i o n s  with a r b i t r a r y  e l e c t r o n  temperature 

%-e c3qlex  d f a t r l b ~ t l a n  function for d i f f u s i v e  equi l ibr ium i n  an  

atmosphere where the  ion  and e l ec t ron  temperatures are an a r b i t r a r y  func t ion  

of he igh t  has been reduced t o  a closed form involving one i n t e g r a l  which 

involves  the  va r i a t ion  of the  a r b i t r a r y  r a t i o  of i on  t o  e l ec t ron  temperatures 

with he ight .  One of two a l t e r n a t i v e  forms of t h i s  i n t e g r a l  may be used, 

depending on whether i t  is more convenient t o  work with a modified s lope  

of the  bas ic  i on  temperature d i s t r i b u t i o n  o r  with the  logarithm of the  

d i s t r i b u t i o n  i t s e l f .  This i n t e g r a l  is the  same f o r  e l ec t rons  and each 

i o n i c  spec ies .  Thus the  asymptote method of drawing the r e s u l t a n t  i on  

d i s t r i b u t i o n  may be used, j u s t  as fo r  the  s imples t  isothermal d i s t r i b u t i o n .  

A d r a f t  has been w r i t t e n  of a r e p o r t  on t h i s  work. 

of a numerical example f o r  i l l u s t r a t i o n ,  i t  w i l l  be submitted f o r  publ ica t ion .  

Following computation 

D. Lunar ionosphere s t u d i e s  

The results of ray- t rac ing  computations using the Weil-Barasch lunar  
ionosphere model f i n a l l y  became ava i lab le ,  and i t  i s  now possible  t o  state 

the  g ross  nature  of r a d i o  propagation a t  or near the  sur face  of the moon 

i n  the  presence of t h i s  type of ionosphere. 

t h i s  model from the  t e r r e s t r i a l  ionosphere are a f i n i t e  e l ec t ron  dens i ty  a t  
the  su r face  and a very small  e l ec t ron  dens i ty  grad ien t  a t  a l l  he ights ,  four  

o rde r s  of magnitude less than i n  the  lower t e r r e s t r i a l  E region. 

The main f ea tu res  d i s t ingu i sh ing  

Geometrical ray  treatment of the propagation between su r face  s t a t i o n s  

leads  t o  the following f ea tu res :  

1. Below the  su r face  plasma frequency (127 kc) t he re  is  no propagation 

from a sur face  based antenna. 

Between the  su r face  plasma frequency and the  maximum plasma 

frequency (170 kc) there  a r e  two possible  rays f o r  each d is tance .  
mom- urare- c- C - ~ U  u catyntrdr rf Gertnin maximum distsoce f o r  

2 .  
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each frequency. 

f o r  each d is tance .  

A t  and f o r  about 0.5 kc above the maximum plasma frequency there  

a r e  three  rays f o r  each d is tance ,  two of which w i l l  s t i l l  form 

a caus t i c .  

Between t h i s  frequency (170.5 kc)  and the  frequency f o r  which the  

sur face  of the  smooth moon appears " f l a t "  ( 8 3  kc) t he re  is but  

one ray.  

the g rea t e r  d i s t ances ,  the  propagation w i l l  be r a t h e r  unstable.  

Above 275 kc the re  is only a su r face  wave, with a range g r e a t l y  

extended over such a Wave on an ionosphereless  moon a t  the  lower 
frequencies ,  caused by the  r e f r a c t i v e  index gradien t  c lose  t o  

the sur face .  

ionosphere has no s i g n i f i c a n t  e f f e c t  on surface- to-surface 

communications. 

This r e s u l t s  i n  a c e r t a i n  "minimum usable frequency" 
There is no analog of t h i s  on ea r th .  

3. 

4. 

A t  the lower frequencies i n  t h i s  range, and p a r t i c u l a r l y  

5. 

For frequencies higher  than about 1 Mc the  lunar  

For s igna l s  approaching the  moon from outs ide  the ionosphere, e.g., 

r a d i a t i o n  from a g a l a c t i c  radio source, the r e f r a c t i o n  w i l l  be negat ive 

(away from the  moon) f o r  a ray penetrat ing the  ionosphere no more deeply 

than a c r i t i ca l  l e v e l ,  somewhat below the  e l ec t ron  dens i ty  peak. 

r e f r a c t i o n  w i l l  be a maximum f o r  a ray j u s t  reaching the l e v e l  of the peak. 

For rays  pene t ra t ing  below t h i s  peak the r e f r a c t i  on becomes pos i t i ve  (toward 

the  moon) and reaches a maximum f o r  a ray j u s t  grazing the  surface.  
the  assumed ionospheric model, the maximum t o t a l  r e f r a c t l o n  would be 6" 
f o r  500 kc, 37" f o r  300 kc, and 90" for  279 kc. 

This 

For 

This completes the  lunar ionosphere s tudy.  A s  soon a s  f e a s i b l e  the  

paper w i l l  be completed and submitted f o r  publ ica t ion .  

E. Ion iza t ion  of a tenuous argon atmosphere 

This kind of an atmosphere might ex i s t  on the  moon, i f  i t  is not  

blown away by the  s o l a r  wind. 

of such an atmosphere, assuming recombination a t  the  lunar  sur face  o r  the 

major mechanism f o r  i on  l o s s .  

A br ie f  study was made of the  photoionizat ion 

I f  the mean f r e e  path f o r  e l ec t rons  is l e s s  
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than the  s c a l e  he ight  of ions  and/or neu t r a l  p a r t i c l e s ,  a weak maximum of 

e l e c t r o n  dens i ty  w i l l  occur a t  around 1.2 moon r a d i i .  

F. Input  impedance of a d ipo le  near t he  lunar  sur face  

Since r ad lo  astronomy from the lunar sur face  is expected t o  invoive 

low-frequency antennas e l e c t r i c a l l y  c lose  t o  the  sur face  of the  moon, 

considerable  e f f o r t  was expended i n  studying a v a i l a b l e  theory and da ta  

regarding the  impedance of a hor izonta l  e l e c t r i c  d ipo le  near t he  moon's 

sur face .  

estimating the  input  r e s i s t a n c e  and reactance a s  a funct ion of the  f r e e  

space parameters, the  electrical  constants  of the lunar  sur face  and the  

d ipo le  he igh t  above the  sur face .  For an e l e c t r i c a l  he ight  of l e s s  than 

0.5 r ad ian  above the sur face ,  the  following expression seems to  f i t  the  
d a t a  and theory reasonably w e l l :  

I n  p a r t i c u l a r ,  i t  was desired t o  obta in  a means of r ap id ly  

E - 1  
f ( h ,  br )  + j - 2 r  

RO 3p3 Zr + 1 

where 42 is the  increment of impedance over the  f r e e  space value 

R 

p 

gr is the  complex d i e l e c t r i c  constant  of the sur face  

Er is the  r e a l  p a r t  of zr 
f ( h ,  er)  is  a func t ion  of heights  and er t h a t  can be obtained by 

is the  f r e e  space r a d i a t i o n  r e s i s t ance  

is twice the  e l e c t r i c a l  height  of the  d ipo le  

0 

use of a nomogram. 

A r e p o r t  on t h i s  work is i n  preparation. 
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